We study the effects of top-Higgs anomalous coupling in the production of a pair of Higgs boson via gluon fusion at the Large Hadron Collider (LHC). The introduction of anomalous ttH coupling can alter the hadronic double Higgs boson cross section and can lead to characteristic changes in certain kinematic distributions. We perform a global analysis based on available LHC data on the Higgs to constrain the parameters of ttH anomalous coupling. Possible overlap of the predictions due to anomalous ttH coupling with those due to anomalous trilinear Higgs coupling is also studied. We briefly discuss the effect of the anomalous ttH coupling on the HZ production via gluon fusion which is one of the main backgrounds in the HH → γγbb channel.
Introduction
The discovery of Higgs boson by the Large Hadron Collider (LHC) [1, 2] at CERN once again writes the great success story of the standard model (SM). Though it is not yet conclusively declared that this is the 'very' Higgs boson postulated in the standard model, but more data consolidate the same. However, there are still room left for new physics to show up at the weak scale within the reach of the LHC. There are many ways to search for new physics at the LHC. The most popular one is to look for new resonances directly produced in proton-proton collision. But no such new particles have been found till date. Hence, lower limits at 95% confidence level (CL) has been placed constraining various models of new physics. The other way is to look for deviation in couplings where new physics effects may enter. It will, in turn, show up in appropriate production or decay processes at the LHC. We shall take this latter approach in a model independent way to probe the nature of new physics. In fact, after the discovery of the Higgs boson, it still remains to verify its couplings with other standard model particles and also with itself. Recent studies involving anomalous couplings of the Higgs boson at the LHC have been reported in [3] . Prospects of the measurement potential of various Higgs couplings at future linear collider are also discussed in Ref. [4] .
In the standard model, the couplings of the Higgs boson with the fermions and gauge bosons are proportional to their masses. Its large ∼ O(1) coupling with top quark is the reason for expecting that any deviation, if present, might show up via top-Higgs coupling. Hence, probing this coupling always remains a priority. The top-Higgs Yukawa coupling can be indirectly probed by the measurements of inclusive Higgs boson production which is dominated by gluon fusion process and also in the decay of the Higgs to diphoton and digluon channels mediated by the top quark loop. However, the only direct way to constrain this coupling is to measure ttH production at the LHC. ATLAS and CMS has already published data in this direction, but not much deviation from the standard model has been observed. Given the theoretical and experimental uncertainties, it is difficult to derive any meaningful limit from the collected data [5, 6] .
Due to the presence of new physics the top-Higgs coupling can differ from its standard model value [7] [8] [9] [10] . These deviations can come from higher dimensional operators present below a certain scale [6, [11] [12] [13] . Moreover, many of the new physics models also predict deviation in ttH coupling from the standard one. The standard model Higgs boson is predicted to be CP-even. However, LHC data do not rule out the Higgs to be a mixed CP state. Taking this freedom, we consider top-Higgs coupling to be CP-violating one for this work. We stress that we do not focus on some specific model or some set of effective operators. Instead, we consider a general parameterization of anomalous top-Higgs coupling which definitely includes all the above effects.
Double Higgs production at the LHC provides a good opportunity to probe various couplings of the Higgs boson. Since gluon fusion is still the dominant channel for Higgs pair production, just like single Higgs production, this process has strong dependence on ttH coupling. At the same time, it can give access to the Higgs trilinear coupling as well.
This paper is organized as follows. In the following section 2, we discuss the Higgs pair production in the standard model itself. In section 3, the general parameterization of topHiggs interaction is motivated. This will be followed by the effects of anomalous coupling on the production cross section and on different kinematic variables of the Higgs pair production at the LHC. Next, section 5 will consist of the constraints from the LHC experiments and resultant global analysis. Finally in section 6, we summarize our observations and give careful Other diagrams are generated by permuting the external legs appropriately.
consideration to the prospects of the Higgs pair production based on the results of the global analysis.
2 Higgs pair production in the standard model
The Higgs boson pair production within the standard model was first studied in [14, 15] . Very much like the production of single Higgs boson, the gluon fusion channel is the dominant mode to produce a pair of Higgs boson at hadron colliders. At the leading order the process proceeds via quark loop diagrams, shown in Fig. 1. 1 The major contribution to the hadronic cross section comes from the top quark loop diagram. The bottom quark loop contribution is well below 1% (0.2% at 14 TeV) of the total cross section. One of the important features of this process is the destructive interference that takes places between the box and the triangle contributions. 2 The two contributions are separately gauge invariant. As we can see in Fig. 2 , the destructive interference effect is quite strong. For example, at 14 TeV, the separate contributions of the triangle and box amplitudes towards the total hadronic cross section is about 6.98 fb and 54.22 fb respectively. The net cross section, on the other hand, is only 26.50 fb, i.e., there is a reduction of more than 50% in the cross section due to the interference term. Note that the minimum threshold to produce the Higgs boson pair is greater than the Higgs mass, therefore, the intermediate Higgs boson in the triangle diagram is always off-shell. We expect that due to the propagator suppression in the triangle amplitude, the interference effect falls at higher energies, see Fig. 3 . Higgs pair production has also been a subject of discussion in the context of various new physics models [17] [18] [19] [20] including the minimal supersymmetric standard model (MSSM) [21] and the Little Higgs [22] . Total Higgs pair production cross section including higher order corrections has been discussed in [23] [24] [25] [26] [27] . It is known that in the large fermion mass limit the amplitude does not vanish. This non-decoupling behaviour makes the process sensitive to the existence of heavier quarks in new physics models [28] . The process is also important from the point of view of measuring the trilinear self-coupling of the Higgs boson [29] which is present in the triangle diagram of Fig. 1 . The precise measurement of the trilinear self-coupling of the Higgs boson is required to confirm the form of the scalar potential responsible for the electroweak symmetry breaking. However, the collider center-of-mass energy and the luminosity required to observe this channel at the LHC has not been reached yet. 
Figure 3: Fractional contribution of the cross section due to the interference term at various collider center-ofmass energies in the standard model.
The top-Higgs anomalous coupling
It is well known that the absolute sign of the standard model Yukawa coupling is arbitrary. Nevertheless, its relative sign with respect to the mass term is completely determined. Any change in this relative sign will be a clear indication of new physics effects. At the same time, this change in the relative sign can have serious implications for those processes which involve both ttH and any of the three couplings HW W , HZZ and HHH. Plausibility of such scenarios has been considered in associated production of a single top and a Higgs boson at the LHC [30] [31] [32] [33] . Since, the Higgs pair production process involves both the top-Yukawa coupling and the trilinear Higgs coupling, the relative sign change between the two couplings will lead to constructive interference between the box and the triangle contributions. As a result the Higgs pair production rates at the LHC will be higher as compared to those predicted in the standard model. In addition to that, the presence of new physics can also modify the nature of various standard model couplings. The top-quark being exceptionally heavy as compared to the other fermions may hold the signatures of new physics. In the standard model, the topYukawa coupling is purely scalar type. Many new physics models, such as the composite Higgs models [34] and models with the extended Higgs sector [35] suggest that the Yukawa couplings can be an admixture of both the scalar and pseudoscalar type of couplings. In other words, the physical Higgs boson may not have a definite CP property [36] . A phenomenological Lagrangian describing the nonstandard top quark Yukawa coupling can be parameterized as,
where g w is the SU (2) gauge coupling constant. Both the dimensionless parameters a and b are real and they assume values 1 and 0 respectively in the standard model at the leading order. The γ 5 or the pseudoscalar part of the coupling has to be imaginary due to the hermiticity of the Lagrangian. Since, CP is not an exact symmetry of the standard model, the CP-odd term, in principle, can be generated at higher loops. However, such contributions are expected to be very small within the standard model. The above form of the top-Higgs coupling can also be motivated in the effective Lagrangian approach to new physics studies. In this approach the new physics effects can be parameterized by a set of gauge invariant higher dimensional operators involving the standard model fields only. We can write down an effective Lagrangian using these operators as,
where d i > 4 is the mass dimension of the operator O i , the free parameter C i fixes the strength of the corresponding operator and Λ is the cutoff scale above which this effective description of new physics is not valid. These higher dimensional operators can modify both the strength and the nature of various standard model couplings. For example, the lowest higher dimensional operators which contribute to the top-Higgs Yukawa coupling are dimension-six operators [6, 12, 13] and these are given by
In the above,
is the third generation quark doublet, t R is the top quark singlet and σ I (I = 1, 2, 3) are the 2×2 Pauli matrices. As a result of the electroweak symmetry breakdown, the field Φ obtains a vacuum expectation value and the above operators effectively generate deviations in the parameters of Eq. (1) away from their standard model values. We can assume similar parameterization for other Yukawa couplings also. However, for our process under consideration, it is the top-Yukawa coupling which is the most relevant. At present, there are no significant direct bounds on the anomalous top-Higgs coupling parameters from the collider experiments. In Ref. [37] unitarity constraints on these parameters are derived assuming the new physics scale at 1 TeV which allow O(1) values for the parameters. Note that the parametric form of the anomalous ttH coupling in Eq. 1 violates the CP symmetry explicitly for non-zero b. The CP-odd part of the coupling contributes to both the electroweak baryogenesis and the electric dipole moments (EDMs) of fermions [38] [39] [40] . We can use the measurements of the EDMs of the electron and the neutron to place indirect bounds on the parameter b. In Ref. [40] , the EDM bounds on b are found to be of O(0.01). This bound can be circumvented if the electron, up and down quark Yukawa couplings are also anomalous. The phenomenology of top-Higgs anomalous coupling under consideration has been studied at both the linear [38, 41] and hadron colliders [42, 43] . Now we consider the effect of top-Higgs anomalous coupling on the Higgs pair production process, keeping all the other standard model couplings intact. However, in section 6, we will briefly discuss the effect of anomalous trilinear Higgs coupling in the same process.
Higgs pair production in presence of anomalous ttH coupling
The full amplitude of our process in presence of the anomalous ttH coupling can be expressed in the following form,
We consider this structure of the amplitude after computing the quark loop traces of the diagrams. Here, M SM bx/tr are the standard model values of the box (bx) and triangle (tr) amplitudes and
bx/tr are the additional box and triangle contributions due to the pseudoscalar coupling of the Higgs boson with the top quark. The terms linear in b in the above amplitude are proportional to possible -tensor structures such as (p i , p j , e 1 , e 2 ) and (p 1 , p 2 , p 3 , e i ), where e i s are the polarization vectors of the gluons. 3 The amplitude-squared will also have terms odd in b. However, once the gluon polarizations are summed over, such terms in the amplitude-squared vanish due to the 4-momentum conservation. Thus the unpolarized cross section of the two Higgs production process is expected to depend only on the absolute value of the parameter b. On the other hand, a change in sign in the parameter a leads to significant changes in results discussed below.
We have adopted a semi-numerical approach to calculate the one-loop amplitude. The quark loop traces for the box and triangle diagrams involving anomalous ttH coupling are calculated using FORM in four dimensions [44] . The one-loop tensor integrals which appear in the amplitude are reduced into one-loop scalars following the Oldenborgh and Vermaseren (OV) method [45] . The scalar integrals are calculated using the OneLOop package [46] . We calculate helicity amplitudes numerically before squaring them to obtain the total and differential cross sections. The numerical results presented in this section use CTEQ6L1 parton distribution functions [47] . We have taken µ = M H (= 125 GeV) as the common scale of renormalization and factorization. We have not applied any kinematic cuts on the final state particles.
In Fig. 4 , we can clearly see enhancement in the hadronic cross section due to the anomalous coupling parameters a and b. In pure pseudoscalar case (a = 0, b = 0), only the box diagrams contribute to the unpolarized cross section. For a = −1, the two diagrams in Fig 1 interfere constructively leading to more than three fold increment in the cross section. The cross section is indeed insensitive to any sign change in b. We have further shown the cross sections for some benchmark values of (a, b) as function of collider center-of-mass energy in Fig 5. For convenience, some of the numbers of interest are also given in the table 1. Although, these benchmark values may not be realistic in the light of present LHC data on the Higgs-like particle, we consider them here for book keeping purpose. Apart from enhancing the production cross section, these anomalous couplings also lead to characteristic changes in certain kinematic distributions. The distributions are presented for 14 TeV LHC. In Fig. 6 , we have compared the normalized transverse momentum distributions of Higgs plotted for certain benchmark values of parameters (a, b). We find that in presence of anomalous couplings, the contribution from phase space region with P H t below 150 GeV increases significantly. Similar conclusions are drawn from the invariant mass distributions (M HH ) of the two Higgs bosons displayed in Fig 7. The distributions start at M HH = 2M H which is the production threshold for the two Higgs bosons in the final state. In the standard model case, there is an exact cancellation between the box and the triangle contributions in the large m t limit [14] . This is clearly reflected in the low invariant mass region of the standard model distribution where large m t limit is a good approximation. Any deviation in the parameters (a, b) beyond standard model values dilutes this fine cancellation. The enhancement near M HH = 2m t (m t = 172 GeV) threshold is also visible in these distributions. The rapidity distributions do not deviate much from the standard model case, see Figs. 8 and 9. Similarly, the distribution corresponding to θ HH variable, discussed in Sec. 4 of Ref. [24] , does not show any significant deviation.
We would like to mention that in the context of the double Higgs production, the top-Higgs anomalous coupling can have more general features in addition to what is considered in Eq. 1. For example, in the effective Lagrangian approach, the operators shown in Eq. 3 also generate ttHH contact interaction and it is related to the parameters of the ttH coupling. Such contact interaction terms are also common in composite Higgs models [18] . This new interaction can lead to drastic increment in the cross section of the double Higgs production, especially when the value of Λ is quite low [11] . If we parametrize the ttHH coupling factor by (−m t /v 2 )c with a dimensionless parameter c, we find that for c 0.001 the effects are visible in both the cross section as well as in the transverse momentum and invariant mass distributions. As an illustration the normalized distributions for c = ±0.01 are given in Fig. 10 keeping a and b fixed at their standard model values. Moreover, the anomalous couplings of the top quark with gluons and those of the Higgs boson with the gluons can also modify the Higgs pair production cross section at the LHC [13] . In presence of large number of free parameters, we loose the predictability and it becomes difficult to disentangle the effect of a specific parameter. To avoid this ambiguity we have not included any other anomalous coupling in our study.
Constraints from LHC experiments
The LHC data on Higgs boson can be, in principle, used to constrain all those couplings which can affect the main production and/or decay channels of a single Higgs boson. However, we are interested in the couplings of the Higgs with fermions and gauge bosons which might be sensitive to new physics. In this regard, ttH, W W H and ZZH couplings are the most relevant ones. Just like the sources of anomalous term in case of ttH, similar higher dimensional operators could modify W W H/ZZH couplings as well. However, we note that such anomalous couplings of Higgs with gauge bosons are already constrained by the electroweak precision data. 4 Also, H → W W * and H → ZZ * are the two crucial channels in which Higgs boson has been observed at the LHC. Therefore, these couplings get directly constrained by the observed data. Hence, we do not intend to introduce any modifications to these couplings. In this section, we discuss the constraints on the anomalous top Yukawa parameters from the latest results of Higgs searches at the LHC.
The LHC experiments have collected data in the production channels which include the gluon fusion, the vector boson fusion, the Higgs-strahlung (associated production with a W/Zboson), and the associated production with a pair of top quarks. Under the existence of the top-Higgs anomalous coupling as shown in Eq. (1), both the single Higgs production via gluon fusion and the Higgs production in association with tt are altered. In addition to that, the partial decay widths of the Higgs to diphoton (Γ H→γγ ) and digluon (Γ H→gg ) are deviated from those of the standard model values (Γ SM H→γγ , Γ SM H→gg ). The top-Higgs anomalous coupling also modifies the H → Zγ decay width. But this channel is hard to reconstruct and the constraints are still loose [48, 49] . The branching ratio of this decay mode in standard model itself is small. Hence we do not expect sizable deviation of the total Higgs decay width coming from this channel. Therefore, we totally ignore the effects on H → Zγ due to the top-Higgs anomalous coupling in this paper.
In presence of anomalous top Yukawa coupling, the analytical expressions of the decay widths, Γ H→gg and Γ H→γγ , are given by with the functions of τ i as in Ref. [50] , which is defined as
Here G F is the Fermi constant, α s and α are the fine structure constants for QCD and QED, and N C , Q t (Q b ) represent the QCD color factor and electric charge of the top(bottom) quark, respectively. Note that we also include the contribution from the bottom quark since the corresponding loop function A 1/2 (τ b ) is non-negligible. As mentioned earlier, Γ H→gg and Γ H→γγ and hence, total Higgs decay width Γ H change from their standard model values due to the presence of modified ttH coupling. The following ratio is suitable for evaluating this effect:
where Br [51] . We assume that the K-factors are the same as those in the standard model and are dropped in Eq. (10) . Figure 11 shows the deviations of Γ H→gg /Γ SM H→gg , Γ H→γγ /Γ SM H→γγ and Γ H /Γ SM H as functions of the top-Higgs anomalous parameters a and b. The three ratios are more sensitive to the parameter b compared to a because of the largeness of the loop function, A 1/2 (τ t ) 1.4 and 2f (τ t )/τ t 2.1. In negative region of a, due to the constructive interference of W and the quark loop contributions, the deviation in Γ H→γγ /Γ SM H→γγ turns out to be significant. Because the value of Br SM H→gg = 0.085 is not so small, the ratio of the total width Γ H /Γ SM H receives a sizable modification in the region where Γ H→gg /Γ SM H→gg is large. Now, we address the deviations in cross sections of the single Higgs production processes due to the top-Higgs anomalous coupling. The leading order cross section in gluon fusion channel can be evaluated from:σ
where the hat symbol indicates that it is a parton level value. The form in Eq. (11) suggests that, at the hadron level, the parton-distribution part should be factorized and we can conclude the following relation:
Therefore, the left most plot in Fig. 11 also represents deviations in gg → H cross section in presence of anomalous coupling parameters a and b. For calculating the deviation σ pp→ttH /σ SM pp→ttH , we implement the anomalous coupling with the help of FeynRules [52] and generate a Universal FeynRules Output (UFO) model file [53] for Madgraph 5 [54] . The left contour plot of . Since, the top-Higgs anomalous coupling can modify these sequences of production and decay, additional restrictions on a and b can be imposed. Due to the large uncertainties, we do not use these data in our global analysis and separately examine a bound from this channel without considering errors seriously. The right plot in Fig 12 represents the regions where the results are consistent with the CMS observations; µ pp→ttH,H→γγ ≤ 5.4 (cyan) or µ pp→ttH,H→bb ≤ 5.8 (magenta). The tendency of the two constraints can be understood from the properties of the three fractions Γ H→gg /Γ SM H→gg , Γ H→γγ /Γ SM H→γγ and Γ H /Γ SM H which we discussed before. The purple area is the superposition of the two allowed regions.
In order to take into account the difference in the production processes in our global analysis, we employ the following weight used in Refs. [68, 69] :
where X and I are indices to distinguish the production channels and event categories in the decay H → f , σ SM X is the single Higgs production cross section of the channel X in the standard model, and a ATLAS, VH(bb), 1 lepton 0.1
1.11 ± 0.87 CMS, H(bb) from VBF 0.7 ± 1.4
[61] Table 2 : Details of 7 observables of H → bb after the production through the vector boson fusion and the Higgs-strahlung.
signal events from the five production processes, whose details are provided in Refs. [55] [56] [57] [58] [59] [60] 70] and summarized in section 3 of Ref. [68] . Note that the simple relation X I,X f = 1 holds.
After the set { I,X f } is ready in the decay H → f , the signal strength can be written down as follows:
where σ X represents the Higgs production cross section of the process X with the top-Higgs anomalous coupling, and Br
is the branching ratio of the Higgs decay channel H → f (in the standard model). The possible deviations via loop corrections of the ratios, Γ H→f /Γ SM H→f and Γ SM H /Γ H are already evaluated in Eqs. (5), (6) and (10) . We mention that all the other ratios have no deviation from the standard model. As mentioned earlier, the ratio σ X /σ SM X deviates from one only in the gluon fusion production channel and in pp → ttH production channel.
Next, we perform a χ 2 analysis with the ATLAS and the CMS results with the χ 2 function defined as
We assume every experimental result follows Gaussian distribution (μ I f ±σ I f ) and ignore the correlations among the event categories, which are not yet published. When an error is asymmetric, we adopt its simple average as the value of the correspondingσ I f . We use 42 observables of H → γγ [55, 58], H → ZZ * → 4 [56, 59], and H → W W * → 2 2ν [57, 60], whose details are summarized in section 3 of Ref. [68] , and 7 ones of H → bb after the production through the vector boson fusion [61] and the Higgs-strahlung [62, 63], where we can find the values in table 2. We note that the number of the inputs is 49 in total. The 68% and 95% CL allowed regions are shown in Fig. 13 , where the best-fit point (global minimum of χ 2 ) is found at (a, b) = (0.796, ±0.315) with χ 2 min = 36.0. The large area near the point (0, 0) in the (a, b)-plane is disfavored because the dominant single Higgs production via gluon fusion is suppressed much and this is in contradiction to the (inclusive) experimental results. The anomalous coupling b is more restricted than a since deviation of b plays the primary role in the single Higgs production and its decay. We mention that, after combining the result of our global analysis with the constraint from the pp → ttH, which is shown in Fig. 12 , the favored region does not change.
We should mention that this estimation is rather crude because of lack of error consideration. We hope that we can be more confident on our results after accumulation of further data in pp → ttH process in the near future. We should also emphasize that we only consider anomalous couplings in the top Yukawa sector in the global analysis. After introducing deviations in other couplings, the result might get modified. Table 3 : Higgs pair production cross sections for benchmark values of (a, b, κ) consistent with the LHC data. The parameter κ is the scale factor for the trilinear Higgs coupling defined below in the text. Numbers in 1st column stand for the standard model value, while the 5th column correspond to the best-fit value of the parameters.
Summary and Discussions
In this paper, we consider anomalous ttH coupling and explore its effects on the Higgs pair production at the LHC. The term 'anomalous' is an indication of possible new physics beyond the standard model. This anomalous coupling describes that the standard model top-Higgs Yukawa coupling is deviated by a scale factor 'a' along with an extra pseudo-scalar type coupling parameterized by 'b'. For definiteness, we do not consider possible anomalous couplings of the Higgs with other fermions/bosons. In section 4, we have considered O(1) deviations in the anomalous coupling parameters a and b from their standard model values. With such deviations one finds large enhancement in the Higgs pair production cross section. But this deviation can also contrast already gained knowledge on Higgs couplings on the basis of analyzed data at the LHC. Therefore, we constrain the parameter space by doing a global analysis based on data released by the ATLAS and CMS and show the allowed region in Fig. 13 . The best-fit values obtained for the anomalous parameters are (0.8, ±0.3). Both the Higgs production via gluon fusion and its decay to digluon are affected more by b than by a. On the other hand, in the Higgs decay to diphoton, the deviation in a also plays an important role. We find that non-zero values of the pseudoscalar coupling parameter b are consistent with the data, but a = −1 case is completely ruled out at 95% CL. For a = 1, the parameter b is allowed to take any value between −0.4 to +0.4. Tight constrains on anomalous parameters indicate the consistency of LHC data with the standard model predictions. We would like to reiterate that the results of global analysis is not a sophisticated one. Once we introduce anomalous couplings of Higgs with other fermions/bosons, the allowed region of parameter space is likely to change. Now and here, we again have a discussion on the double Higgs production after choosing four benchmark values of the parameters (a, b) which are allowed by the present LHC data. For these benchmark values, the two Higgs production cross sections at 8, 14 and 33 TeV center-ofmass energies are given in table 3. The table suggests that the cross section might get enhanced or reduced within the allowed parameter space. The Higgs P t distributions in all the four cases are compared with the standard model case in Figs. 14-17. We have plotted them separately to emphasize the deviations in each case. These are consistent with the observations made in Sec. 2. Like the deviations in P t distributions, the deviations in invariant mass distributions M HH are also not very large for (1.2, 0) and (0.8, 0.3) cases.
The double Higgs production process has also been studied in the context of anomalous trilinear Higgs coupling (λ HHH ). It is therefore important to investigate if there may be any overlap between the predictions due to the ttH anomalous coupling and those due to the anomalous tri- of both the anomalous couplings may lead to more interesting situations. 6 Out of many decay channels, the HH → bbγγ is the most promising channel to observe double Higgs production at the LHC. As described in the Ref. [24] , ZH production process is one of the main backgrounds in this channel. In the standard model, the tree-level cross section for pp → ZH at 14 TeV is about 0.63 pb and the K-factor at the next-to-next-to-leading order (NNLO) in QCD is close to 1.33 [71] . A part of the NNLO QCD contribution which arise due to the gluon-gluon fusion is also important at the LHC. Its cross section is ∼ 100 fb at 14 TeV. In Fig. 20 , we can see the relative importance of the gluon-gluon channel over the quark-quark channel in higher P t region. Note that these distributions are normalized. Due to the much larger quark-quark channel contribution, the peak of the combined distribution does not shift from its tree-level position. A large P t cut can be applied to suppress the contribution coming from the quark-quark channel. We also notice a significant overlap of the Higgs P t distributions √ S σ (1, 0) Table 4 : gg → ZH hadronic cross sections for allowed benchmark values of parameters (a, b).
The kinematic settings in this case are same as in the two Higgs production case.
in gg → HH and gg → ZH cases in the standard model. The Higgs P t distributions are also compared for the best-fit values of the parameters a and b in Fig. 20 . Diagrams contributing to gg → ZH amplitude are quite similar to the case of double Higgs production, however, only box diagram involves the top-Yukawa coupling. The gluongluon channel to ZH production thus becomes very important background for the Higgs pair production process in presence of anomalous ttH coupling. The effect of anomalous top-Higgs coupling on the gg → ZH cross section at various collider center-of-mass energies are listed in table 4. The contributions from both the top and bottom quarks are included to cancel the anomaly in triangle diagram. Like the two Higgs production case, the box and triangle amplitudes interfere destructively in ZH case. The triangle amplitude, however, dominates the cross section. Due to this the cross section for the (1.2, 0) case is smaller than the standard model cross section. We also note that non-zero b can introduce large enhancement in the cross section. In fact, the gg → HZ channel can be separately studied to probe the anomalous top-Higgs coupling at the LHC.
We have already seen that due to top-Higgs anomalous coupling, the P H t and M HH distributions in the two Higgs production case shift towards low transverse momentum and low invariant mass regions. Referring back to the signal-background analysis performed in Ref. [24] in bbγγ channel, we note that the suggested cuts on P H t and M HH may, therefore, not be effective in presence of anomalous ttH coupling. Nevertheless, cuts on η H and η HH may still be useful. Probing the effects of anomalous ttH coupling in the two Higgs production process at the LHC turns out to be a challenging task. It is clear that if we observe higher rates for the Higgs pair production at the LHC, it may not be only due to the top-Higgs anomalous coupling under consideration. It should be noted that large enhancement in the cross section can be realised only in some limited parameter space. Therefore, if lower production rates are observed this coupling can provide an explanation. This will require a more complete and detailed collider study which is beyond the scope of the present work.
